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(57)Abstract 

PROBLEM TO BE SOLVED: To provide high condensing efficiency, 
while the isotropy of a condensing area is kept by forming on-chip 
microlenses formed on a solid-state image pickup device having 
pixel shift structure. 

SOLUTION: This solid-state image pickup device has plural pixel 
shift photoelectric conversion elements, a light-shielding film having 
light receiving openings on the respective photoelectric conversion 
elements, an insulating film formed on the light-shielding film and 
on-chip microlenses, which are formed on the respective light 
receiving openings across the insulating film, whose planar shapes 
are squares where the lengths of four sides are almost equal, whose 
one diagonal is parallel to a line connecting the center points of the 
light- receiving openings in one row. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any. words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] On the front face of the semi-conductor substrate which demarcates a two-dimensional front face, and 
the (b) aforementioned semi-conductor substrate, in a fixed pitch (a) Two or more trains. Are many optoelectric 
transducers arranged by the multi-line, and the optoelectric transducer of an odd number train is received. As for 
the optoelectric transducer of an even number train, the optoelectric-transducer pitch within each train is shifted 
about 1-/2. As for the optoelectric transducer of even lines, the optoelectric-transducer pitch in each line is shifted 
about 1-/2 to the optoelectric transducer of odd lines. Said each optoelectric-transducer train Many optoelectric 
transducers only containing the optoelectric transducer of odd lines or even lines, (c) The light-shielding film which 
is formed in said semi-conductor substrate upper part, and has light-receiving opening on each optoelectric 
transducer, (d) Insulator layer formed on said light-shielding film (e) On said each light-receiving opening The solid 
state camera which is the micro lens on chip formed on both sides of said insulator layer, and has a micro lens on 
chip with a flat-surface configuration parallel to the line by which one side of the diagonal line connected the central 
point of a party's light-receiving opening with the square with the neighboring almost equal die length. 
[Claim 2] Said micro lens on chip is a solid state camera according to claim 1 whose flat-surface configuration said 
optoelectric-transducer pitches are a line writing direction and the direction of a train, and are equal, and is a 
square mostly. 

[Claim 3] It is the solid state camera according to claim 1 which is a rhombus with a line writing direction larger 
[ said optoelectric-transducer pitch ] than the direction of a train, and the flat-surface configuration where said 
micro lens on chip is long to a line writing direction. 

[Claim 4] It is the solid state camera according to claim 1 which is a rhombus with a line writing direction smaller 
[ said optoelectric-transducer pitch ] than the direction of a train, and the flat-surface configuration where said 
micro lens on chip is long in the direction of a train. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the structure of the micro lens for inputting a light figure 

efficiently about a solid state camera. 

[0002] 

[Description of the Prior Art] In the solid state camera in which many optoelectric transducers were formed on the 
semi-conductor substrate, the light-shielding film which has opening corresponding to an optoelectric transducer on 
a substrate is arranged. In order to improve condensing effectiveness, a micro lens is arranged in the opening upper 
part of a light-shielding film. 

[0003] By the way, the structure in which the micro lens was formed on the photo detector which carries out 
[ ****** ] anc | has an array is indicated by JP.6-77450A etc. 

[0004] Drawing 1 (a) is the outline top view of the solid state camera which carries out [ ****** ] and has 
structure. 

[0005] The solid state camera here which carries out [ ****** ] and has structure Many optoelectric transducers 
(light sensing portion) 1 arranged by two or more trains and the multi-line in the fixed pitches Ph and Pv The 
optoelectric transducer 1 of an even number train so that the optoelectric-transducer pitch Pv within each train 
may shift to the front face of a semi-conductor substrate about 1-/2 to the optoelectric transducer 1 of an odd 
number train Moreover, to the optoelectric transducer 1 of odd lines, the optoelectric transducer 1 of even lines is 
arranged so that the optoelectric-transducer pitch Ph in each line may shift about 1-/2. 

[0006] In the optoelectric-transducer train of a single tier, a party's optoelectric-transducer train contains only the 
optoelectric transducer 1 of an odd number train or an even number train only including the optoelectric transducer 
1 of odd lines or even lines. It was formed in the semi-conductor semi-conductor substrate front face between the 
aajoining optoelectric-transducer trains, and was combined with the optoelectric transducer 1 of the left-hand side 
in drawing, and two or more transfer channels 2 have extended in the direction of a train, moving in a zigzag 
direction. The transfer electrode has been arranged at the optoelectric-transducer space which adjoins in the 
surface upper part of a semi-conductor substrate, and it has extended in the line writing direction, moving in a 
zigzag direction. 

[0007] Two or more isolation regions 3 have extended in the direction of a train, lying in a zigzag line so that the 
transfer channel 2 and an optoelectric transducer 1 may be separated between each train. 

[0008] Furthermore, it has the light-shielding film which has light-receiving opening on each optoelectric transducer 
1, and an insulator layer is formed on the light-shielding film, and a micro lens is formed so that the insulator layer 
may be inserted. 

[0009] (Conventional example 1A) The example which applies a micro lens to the solid state camera which carries 
out [ ****** ] and has structure is shown in drawing 7 . In this case, the square installed in checkers touches at 
each top-most vertices, and a micro lens is not arranged at the area of abbreviation one half. The field which cannot 
be covered by the micro lens 6 is expanded substantially, and the problem of remarkable degradation of condensing 
effectiveness arises. 

[0010] The flat-surface configuration of the micro lens 6 in the solid state camera which carries out [ ****** ] and 
has structure in order to solve the above-mentioned problem is proposed by the same artificer as this application 
(refer to JP.1 0-1 36391 ,A). This is shown in drawing 8 and drawing 9 . 

[001 1] (Conventional example 1 B) Drawing 8 forms a micro lens 6 circularly on the light sensing portion 1 of the 
array shown in drawing 1 (a). The area of a micro lens is expandable even to the circumscribed circle to the square 
of drawing 7 . Although condensing effectiveness increases by this compared with a configuration like drawing 7 , an 
optical invalid field exists also in this case. 

[0012] (Conventional example 1C) Drawing 9 forms a micro lens 6 at an octagon on the light sensing portion 1 of the 
array shown in drawing 1 (a). The same with forming a micro lens 6 circularly also in this case, although condensing 
effectiveness increases, it is difficult to lose an optical invalid field theoretically. 
[0013] 

[Problem(s) to be Solved by the Invention] Theoretically, an optical invalid field can be lost by using the 
configuration of a micro lens as a hexagon. However, a hexagon must enlarge the horizontal arrangement pitch Ph of 
the light sensing portion in each train and each line, or the vertical array pitch Pv, in order to maintain the isotropy 
of a condensing field, since the die length of a horizontal direction and a perpendicular direction differs (Pv>Ph or 
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Pv<Ph). 

[0014] The object of this invention is offering the solid state camera which can avoid amplification of the optical 
invalid field produced when the conventional micro lens on chip is formed in the solid state camera which carries out 
[ ****** ] an d has structure. 

[0015] Other objects of this invention are offering the solid state camera which can acquire condensing high 
effectiveness, when a micro lens on chip is formed in the solid state camera which carries out [ ****** ] and has 
structure. 

[0016] The object of further others of this invention is offering the solid state camera which can acquire condensing 
high effectiveness, maintaining the isotropy of a condensing field, when a micro lens on chip is formed in the solid 
state camera which carries out [ ****** ] and has structure. 
[0017] 

[Means for Solving the Problem] The solid state camera of this invention in a fixed pitch on the front face of the 
semi-conductor substrate which demarcates a two-dimensional front face, and said semi-conductor substrate Two 
or more trains. Are many optoelectric transducers arranged by the multi-line, and the optoelectric transducer of an 
odd number train is received. As for the optoelectric transducer of an even number train, the optoelectric- 
transducer pitch within each train is shifted about 1 -/2. As for the optoelectric transducer of even lines, the 
optoelectric— transducer pitch in each line is shifted about 1-/2 to the optoelectric transducer of odd lines. Said 
each optoelectric-transducer train Many optoelectric transducers only containing the optoelectric transducer of odd 
lines or even lines. The light-shielding film which is formed in said semi-conductor substrate upper part, and has 
light-receiving opening on each optoelectric transducer. They are the insulator layer formed on said light-shielding 
film, and the micro lens on chip formed on both sides of said insulator layer on said each light-receiving opening. It 
has a micro lens on chip with a flat-surface configuration parallel to the line by which one side of the diagonal line 
connected the central point of a party's light-receiving opening with the square with the neighboring almost equal 
die length. 
[0018] 

[Embodiment of the Invention] Drawing 2 is some expanded sectional views of the solid state camera of this 
invention. 

[0019] The optoelectric transducer 1 of pn junction structure and the transfer channel 2 of n mold field are formed, 
the transfer channel 2 is adjoined and the isolation region 3 which is p+ mold field is formed in the front face of the 
semi-conductor substrates 7, such as n mold silicon which has p mold well 1 1. The front face of an optoelectric 
transducer 1. the transfer channel 2, and the semi-conductor substrate 7 in which the isolation region 3 was formed 
is oxidized, and an insulator layer 9 is formed. 

[0020] Next after forming the transfer electrodes 8, such as two-layer polycrystalline silicon, above the transfer 
channel 2 and forming an insulator layer 9 in it further on it, it consists of aluminum (aluminum) etc. and the light- 
shielding film 4 which has opening in the optoelectric-transducer 1 upper part is formed above the transfer 
electrode 8. 

[0021] In order to have formed the light-shielding film 4 upwards and to carry out flattening of the front face, the 
flattening layer 10 which are insulator layers, such as a transparence insulator layer, is formed on a spin coat. The 
spin coat of the lens layer is carried out with a photopolymer ingredient transparent moreover, pattern NINGU is 
carried out by the photolithography, and the micro lens 6 on chip is formed using the approach of making it fluidizing 
by heat treatment etc. 

[0022] The 1st example of this invention is explained using drawing 1 (a) and drawing 1 (b). 

[0023] This example improves the configuration of the micro lens of the above-mentioned conventional examples 
1A-1C, and arrangement shows and makes [ ****** ] an optoelectric transducer etc. drawing 1 (a) like the 
conventional examples 1A-1C, and has structure. 

[0024] namely, the lines of the photo detector 1 which adjoins mutually — setting — the array of the photo 
detector 1 of one line — the array of the photo detector 1 of the line of another side — receiving — about [ of this 
array spacing Ph ] — only one half, it shifts relatively and is arranged. 

[0025] Between the photo detectors 1 which furthermore adjoin a line writing direction, the direction transfer 
channel 2 of a train for two trains has been arranged, the direction transfer channel 2 of a train for one train has 
been arranged between the photo detectors 1 which adjoin in the direction of slant and the configuration currently 
formed on the semi-conductor substrate so that the direction transfer channel 2 of a train may move between 
photo detectors 1 in a zigzag direction is adopted. 

[0026] At this time, the horizontal array pitch Ph and the vertical array pitch Pv of a photo detector 1 in each train 
and each line are equal in the 1st example (condition of Ph=Pv). And as shown in drawing 1 (b), the photo detector 1 
grade was formed upwards and a light-shielding film 4 is formed. The light-receiving opening 5 is opened in this 
light-shielding film 4 by the right above section of two or more photo detectors 1 corresponding to each. For this 
reason, the light-receiving opening 5 also becomes the same array as a photo detector 1. That is, it is equal [ the 
horizontal array pitch and vertical array pitch of the light-receiving opening 5 in each train and each line ] to the 
pitches Ph and Pv of a photo detector. 

[0027] By this example, the configuration of an octagon which is adjusted at the meandering include angle of each 
direction transfer channel 2 of a train is used for the configuration of the light-receiving opening 5. Light-receiving 
area is expandable to the maximum with this configuration. In addition, the configuration of the light-receiving 
opening 5 may not be restricted to an octagon, for example, circular, an ellipse form, a rectangle, etc. are sufficient 
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as it. 

[0028] Next, as shown in drawing 2 , the flattening layer 10 is formed on a light-shielding film 4. and right above each 
photo detector 1, a micro lens 6 is formed so that the flattening layer 10 may be pinched. As shown in drawing 1 (b), 
let the flat-surface configuration of a micro lens 6 be a rhombus. 

[0029] It is equal to the horizontal array pitch Ph, or the die length of the horizontal diagonal line is small by spacing 
with the micro lens 6 which adjoins rather than it and is formed, and the die length of the vertical diagonal line has 
it, or a micro lens 6 has it by spacing with the micro lens 6 which aajoins rather than it, and is formed. [ small ] [ still 
more nearly equal to the vertical array pitch Pv ] Thereby, the configuration of a micro lens 6 changes 
corresponding to the die length of the horizontal array pitch Ph and the vertical array pitch Pv. 

[0030] A micro lens 6 is installed so that the diagonal line horizontal to the line which connected the central point of 
a party's light-receiving opening 5 may be parallel. 

[0031] The micro lens 6 formed here is a square with the neighboring equal die length, as shown with a broken line. 
Moreover, since it is Pv=Ph, the configuration of a micro lens 6 serves as a square mostly. 

[0032] Drawing 3 (a) and (b) show the cross-section structure at the time of forming the micro lens 6 of the 1 st 
example of this invention by the well-known micro-lens manufacture approach. Drawing 3 (a) is the sectional view of 
the direction (Z1-Z2 of drawing 1 (b)) of 45 slant, and drawing 3 (b) is a horizontal (X1-X2 of drawing 1 (b)) sectional 
view. Both can condense both incident light to the light-receiving opening 5, although curvatures differ. 
[0033] Since the curvature of a micro lens changes with directions, the image after micro-lens touch-down is 
distorted. However, the image information which one optoelectric transducer supplies is the information on the point 
in an image, and the distortion of an image does not pose a problem. 

[0034] The modification of the 1st example of this invention is shown in drawing 4 . Except [ all ] the configuration 
of a micro lens 6, it is the same as that of the 1st example. The micro lens 6 of drawing 4 (a) is the thing of the 
configuration which beveled the four corners of the micro lens 6 of the 1st example of this invention, as shown with 
a broken line. 

[0035] Drawing 4 (b) is the enlarged drawing of a micro lens 6. The micro lens 6 which bevels the broken-line part of 
a micro lens 6 shown in left-hand side and by which this example shown in right-hand side was beveled is formed. 
You may be a curved surface although the chamfer serves as a flat surface here. By beveling each part, the 
difference of the major axis of a micro lens and a minor axis decreases, and the variation rate from the spherical 
surface on the front face of a lens decreases. Control of a lens curved surface becomes easy and improvement in 
condensing effectiveness can be expected. 

[0036] The 2nd example of this invention is shown in drawing 5 . Although an optoelectric transducer etc. is ****** 
carried out, it has structure and it is the same as that of the 1st example fundamentally, the horizontal array pitch 
Ph of a photo detector 1 is large from the vertical array pitch Pv in each train and each line (condition of Ph>Pv). 
That is, it is a horizontally long configuration. 

[0037] Since the light-receiving opening 5 has the almost same array pitch as a photo detector 1. it becomes larger 
[ the horizontal array pitch of the light-receiving opening 5 in each train and each line ] than a vertical array pitch. 
Moreover, the configuration of the light-receiving opening 5 is carrying out the configuration of an octagon which is 
adjusted at the meandering include angle of each direction transfer channel 2 of a train also in this example. 
Therefore, the configuration of the light-receiving opening 5 becomes a horizontally long octagon in this case. 
[0038] As a cross-section configuration of the thickness direction, as shown in drawing 2 , like the 1 st example, the 
flattening layer 10 is formed on a light-shielding film 4, and right above each photo detector 1. a micro lens 6 is 
formed so that the flattening layer 10 may be pinched. A micro lens 6 is installed in the line which connected the 
central point of a party's light-receiving opening 5 so that one diagonal line may be parallel. 

[0039] In addition, the configuration of the light-receiving opening 5 is not restricted to an octagon. For example, 
circular, an ellipse form, a rectangle, etc. are sufficient. The configuration to which a micro lens 6 can introduce as 
many incident light as possible in the light-receiving opening 5 is desirable. 

[0040] The configuration serves as a horizontally long rhombus so that it may be shown with a broken line, since the 
neighboring die length of the micro lens 6 formed here is equal and it is Pv<Ph. 

[0041] In addition, the corner of a rhombus may be beveled as shown in drawing 4 . In this description, it is called a 
rhombus etc. also including the configuration which beveled in this way. 

[0042] The 3rd example of this invention is shown in drawing 6 . Although optoelectric-transducer 1 grade is ****** 
carried out, has structure and is the same as that of the 1st example fundamentally, the horizontal array pitch Ph of 
a photo detector 1 is narrow from the vertical array pitch Pv in each train and each line (condition of Ph<Pv). That 
is, it is the configuration of being perpendicularly long. 

[0043] Since the light-receiving opening 5 has the almost same array pitch as a photo detector 1, it becomes 
narrower [ the horizontal array pitch of the light-receiving opening 5 in each train and each line ] than a vertical 
array pitch. Moreover, the configuration of the light-receiving opening 5 is carrying out the configuration of an 
octagon which is aojusted at the meandering include angle of each direction transfer channel 2 of a train also in this 
example. Therefore, the configuration of the light-receiving opening 5 becomes a perpendicularly long octagon in this 
case. In addition, the configuration of the light-receiving opening 5 is not restricted to an octagon. For example, 
circular, an ellipse form, a rectangle, etc. are sufficient. 

[0044] As a cross-section configuration of the thickness direction, as shown in drawing 2 , like the above-mentioned 
example, the flattening layer 10 is formed on a light-shielding film 4, and right above each photo detector 1, a micro 
lens 6 is formed so that the flattening layer 10 may be pinched. A micro lens 6 is installed in the line which 
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connected the central point of a party's light-receiving opening so that one diagonal line may be parallel. 
[0045] In addition, the configuration of the light-receiving opening 5 is not restricted to an octagon. For example, 
circular, an ellipse form, a rectangle, etc. are sufficient The configuration to which a micro lens 6 can introduce as 
many incident light as possible in the light-receiving opening 5 is desirable. 

[0046] It becomes a perpendicularly long rhombus so that it may show the configuration with a broken line, since the 
neighboring die length of the micro lens 6 formed here is equal and it is Pv>Ph. In addition, a rhombus may bevel a 
corner as mentioned above. 

[0047] Although this invention was explained in accordance with the example above, this invention is not restricted 
to these. For example, probably, it will be obvious to this contractor for various modification, amelioration, 
combination, etc. to be possible. 
[0048] 

[Effect of the Invention] As explained above, according to this invention, amplification of the optical invalid field 
produced when the conventional micro lens on chip is formed in the solid state camera which carries out [ ****** ] 
and has structure is avoidable. 

[0049] Moreover, when a micro lens on chip is formed in the solid state camera which carries out [ ****** ] and has 
structure, condensing high effectiveness is acquired. 

[0050] Condensing high effectiveness can be acquired maintaining the isotropy of a condensing field, when a micro 
lens on chip is formed in the solid state camera which carries out [ ****** ] and has structure further again. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the outline top view showing the 1st example of this invention. 

[Drawing 2] They are some expanded sectional views of the solid state camera of this invention. 

[Drawing 3] It is the sectional view showing the micro lens of the 1st example of this invention. 

[Drawing 4] It is the outline top view showing the modification of the 1st example of this invention. 

[Drawing 5] It is the outline top view showing the 2nd example of this invention. 

[Drawing 6] It is the outline top view showing the 3rd example of this invention. 

[Drawing 7] It is the outline top view showing one gestalt of the 1st conventional example. 

[Drawing 8] It is the outline top view showing other gestagen of the 1st conventional example. 

[Drawing 9] It is the outline top view showing the gestalt of further others of the 1st conventional example. 

[Description of Notations] 

1 [ — A light-shielding film, 5 / — Light-receiving opening, 6 / — A micro lens, 7 / — A semi-conductor substrate, 
8 / — A transfer electrode, 9 / — An insulator layer, 10 / — A flattening layer, 11/ — Well ] — A photo detector 
(light sensing portion), 2 — The direction transfer channel of a train, 3 — An isolation region, 4 



[Translation done.] 
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